The main aim of this study was to investigate the relationship between residual feed intake and some hematological parameters in laying hens fed different level of Propolis. Residual feed intake is used as a trait to distinguish efficient and non-efficient laying chicken. A Phytohemagglutinin-P (PHA-P) assay and white blood cells differentiation were used to evaluating the immune response of the laying hens fed different propolis levels. The present result indicated that the laying hens fed different levels of Propolis had significantly hyper responder to PHA-P injection, higher lymphocytes count and lower heterophils count when compared with control-group. With respect to residual feed intake, it was generally noticed that the observed feed consumption values were somewhat closely to expect feed consumption values for hens fed diet containing 100 or 150 mg Propolis compared to remaining treatments. Also, the results revealed that the equations calculated for laying hens fed diet adding 100 or 150 mg Propolis had a better rate o f determination (R ) compared to other fed 0 or 50 mg Propolis. In accordance to correlation coefficients, it 2 could be noticed that the wattle swelling measured at 24, 48 and 72 h post PHA-P injection were significantly positive correlated with residual feed consumption in supplemental propolis at 100 mg. Similar trend was observed in 150 mg supplemental propolis laying at 72 h post PHA-P injection. With respect to white blood cells differentiation, the present results showed that significantly negative relationship between RFC and heterophils percentage in all treatment groups. Inversely, the relationship between RFC and lymphocytes percentage was significant and positive in all treatment groups. Finally, it could be concluded that the Propolis supplementation improve the immune status of laying hens via minimizing the residual feed intake.
INTRODUCTION
Laying hens can be considered as being genetically programmed for efficient Egg Mass (EM) production. There is, however, a lot of variation in efficiency between individuals within a population, as shown by variation in feed consumption that cannot be explained by metabolic Body Weight (BW), body weight gain and Egg Mass (EM). This variation in feed consumption is reflected i n differences in Residual Feed Intake (RFI) (Luiting and Urff, 1991) . RFI is defined as the difference between observed Feed Intake (FI) and FI predicted from metabolic BW (representing maintenance) and BW gain and EM (both representing production). RFI is, thus, a measure for feed efficiency: chickens with low RFI (R-) need less feed to reach the same BW and production level and are, therefore, more efficient producers than chickens with high RFI (R+). The phenotype of an animal is a function of its genotype and present and past environments. Environmental factors such as nutrition, feeding management and temperature may influence growth and modify sensitivity to infectious agents and immunoresponsiveness (Zulkifli et al., 1994) . Immunocompetence and growth are influenced by genetic and non-genetic factors, only recently has evidence appeared showing a negative relationship between body weight and immunocompetence i n Leghorns (Martin et al., 1990) , broilers (Qureshi and Havenstein, 1994) and brown egg layers (Kreukniet et al., 1994) . In broiler breeding there is a further complication because although broilers are reared under ad libitum feeding, the management of broiler breeders involves restriction in feed intake to control over-consumption and its deleterious effects on health and reproduction (Katanbaf et al., 1989) . As a result of this husbandry, research results have accumulated on effects of various feeding regimens on body weight (Robinson et al., 1993) and feed intake and diet selection (Forbes, 1995) . Immune stimulation (Klasing et a l., 1987) and injection of chickens with IL-1-containing supernatant from bacterial endotoxin stimulated chicken HD11 macrophages (Klasing et al., 1987) induced a reduction of growth and feed utilization in chickens and accelerated muscle protein degradation. In this study, we evaluate the relationship between residual feed intake and cell mediated immunity of laying Hy-line hens fed different levels of Propolis.
MATERIALS AND METHODS
This experiment was carried out at poultry breeding farm, Poultry Production Department, Faculty o f Agriculture, Ain Shams University. One hundred and twenty 46 -week-old, Hy-line White strain were randomly assigned to 4 groups of 30 hens each. The hens were individually housed in individually cages, on a 16 h light schedule. Chickens in all groups were reared under the same environmental, managerial and hygienic conditions. Feed and water were supplied ad libitum. The hens received a typical layer diet containing 2800 ME kcal/kg and 18% CP to meet or slightly exceed the nutrient requirement recommended by NRC (1994) . The hens w ere fed basal diet (control) or basal diet containing 50, 100 and 150 mg Propolis/kg.
Measurements and observations:
Body weight was individually recorded at 46, 50 and 54 weeks of age. Also, number and weight of eggs were recorded daily from the 46-54 weeks of age. Internal and eggshell quality was determined at 54 weeks of age. The egg length (long axis) and width (short axis) were measured with the electronic caliper. The width to length ratio was shown in percentage points and constituted the egg shape index. The height of thick albumen (H) and the egg Weight (W) were used to calculate Haugh units from the formula of Williams (1997) : HU = 100 log (H + 7.7-1.7 W ) 0.37 where: H = Thick albumen height. W = Egg weight.
Yolk diameter along the chalazae line was determined with the caliper (mm). The eggshell, after the removal of the egg content, was dried. Subsequently the eggshell was weighed to the nearest 0.01 g. Eggshell thickness without inner membranes was measured (mm) with the micrometer. The albumen weight was calculated from the difference between the entire egg weight and the yolk and eggshell weight. The contents of yolk, albumen and the eggshell were expressed as percentages from the weight of a fresh egg. The breaking strength was measured according to Fathi and El-Sahar (1996) which assessed the resistance of the egg to crushing. At 54 weeks of age, blood samples were taken from the brachial vein into heparinized tubes for all birds. Plasma was obtained from the blood samples by centrifugation for 10 min at 4000 rpm and was stored at -20°C until the time of analysis. The frozen plasma was allowed to thaw at room temperature prior to analysis. Plasma total protein, albumin and cholesterol were determined by enzymatic colorimetric methods using available commercial kits. The plasma globulin was calculated as the difference between plasma total protein and albumin.
A Phytohemagglutinin-P (PHA-P) injection assay (Cheng and Lamont, 1988 ) was used to evaluate in vivo T-cellmediated immune response of Hy-Line laying hens. Birds were injected intradermally in the wattle with 0.5 mg of PHA-P (Sigma Chemical Co., St. Louis, Missouri) in 0.1 mL of Phosphate Buffered Saline (PBS) after marking the injection site. The thickness of wattle was measured (to nearest 0.01 mm]) at 0, 24, 48 and 72 h after PHA-P injection. Wattle swelling was calculated as the difference between the thickness of the wattle prior to and after injection of PHA-P. At 54 week of age, blood samples were obtained from each treatment for Heterophil (H) and Lymphocyte (L) enumeration based on the procedures of Gross and Siegel (1983) . Briefly, one drop of blood being smeared on each of glass slides. The smears were stained using Wright's stain. Two hundred leukocytes, including granular (heterophils) and nongranular (lymphocytes) ones, were counted on different microscopic fields representing 200 cells and the heterophil to lymphocyte ratio was calculated. All calculations and analyses were made using General Linear Models (GLM) procedure of SAS User's Guide, 2001 . Correlation coefficients of RFC with productive traits were estimated for each strain using the PROC CORR procedure of SAS.
Computing data and statistical analysis:

RESULTS AND DISCUSSION
Cell-mediated immunity, some hematological parameters and productive traits of laying hens fed different levels of Propolis are summarized in Table 1 . The PHA intradermally reaction, a T-lymphocytedependent response, has been well researched and has been shown to be a reliable indicator of in viva (Goto et al. 1978) . The skin infected with virulent NDV and subsequently treated response reflects a complex series of physiological either with propolis or honey if compared with the events such as mitogen-receptor and lymphocyteinfected groups only. It was clear that, propolis acts macrophage interactions, release of chemical actively as antiviral agent than honey. The treatment with mediators, cellular proliferation and changes i n propolis and honey of NDV infected chicken groups vascularity (Chandra and Newberne, 1977) . induced increase in the antibody titres and phagocytic Histologically, PHA is strongly mitogenic to Tpercentage. The inoculation of different antigens in the lymphocytesa and intradermali injections elicit footpad of sensitized and non-sensitized chickens macrophage infiltration and dense perivascular induced different degrees of footpad thickness as well accumulations of lymphocytes 24 h post-injection i n as cellular and vascular reaction depending on the type chickens (Goto et al., 1978; McCorkle et al., 1980) . The of inoculation with NDV antigen. In accordance to white increased infiltration by basophils and eosinophils 24 h blood cells differential, it could be noticed that the post-injection has been described as a cutaneous Propolis levels at 100 and 150 mg significantly basophil hypersensitivity response (Stadeckerm et al., decreased heterophils count and significantly increased 1977). The present result showed that the specific lymphocytes count compared to control-fed group. In responses to PHA-P injection at all times showed birds, the heterophil are phagocytic cells whose main is marked differences between treatment groups, with protection against invading microorganisms, whereas supplemental Propolis laying hens at all levels reaching primary functions of lympho-involve cell-mediated and much higher responder than control group. Propolis humoral immunity. Heterophils increase and according to research has shown to be effective against lymphocytes decrease when are stressed, so that the a variety of bacteria, viruses, fungi and molds. It has ratio between them is a index of response to a stressor been shown to be a non-specific immunostimulant. The (Gross and Siegel, 1985) . In accordance to H/L ratio, our delayed hypersensitivity skin test using propolis a s results showed that the propolis supplementation at 2 sensitizing antigen showed specific stimulation t o and 3g/kg diet significantly increased the H/L ratio of propolis after 72 h after inoculation with specific antigen. laying hens. The H/L ratio is a recognized measure of Egyptian propolis gave the typical delayed stress in birds (Maxwell, 1993 ) that has become a hypersensitivity when inoculated to the sensitized valuable tool in stress research especially when chickens. The thickness index was 0.90 mm thickness combined with the convenience and repeatability o f if compared with non-sensitized control group 0.12 mm automated blood cell counts. thickness (Hegazi et al., 1996) . Hegazi et al. (1995) With respect to hematological parameters, it could be studied the effect of some bee products on immune speculated that the laying hens fed high Propolis levels response of chicken infected with virulent NDV. They (100 and 150 mg) were significantly increased total found that, the mortality rate was reduced in-groups plasma protein and plasma globulin compared t o control-fed group. Inversely, the Propolis supplemental at high levels significantly decreased plasma cholesterol. The low level of Propolis was intermediated in all cases. Similar reports were drawn by Giurgea et al. (1981) . They indicated that daily administration o f propolis extract to chickens changed the blood concentration of cholesterol, total proteins and amino acid. Also, Propolis stimulated mammalian tissue regeneration, as it caused strong activation of mitosis of cells cultured in vitro and it enhanced protein biosynthesis (Gabrys et al., 1986) . The laying hens fed either 100 or 150 mg Propolis consumed more feed compared to other fed control-fed group. However, the 50 mg Propolis level was intermediated. Concerning feed conversion ratio, the present result indicated that the Propolis supplementation at all levels had significantly improved feed conversion ratio compared to control-fed group. The egg number was significantly affected by Propolis supplementation. Moreover, the egg number was gradually increased with Propolis level increasing. The laying hens fed diet containing 100 and 150 mg Propolis significantly increased egg weight compared to control fed-group. The increase feed intake and egg mass in Propolis groups, resulting in significantly improve feed conversion ratio compared to control-group. Shalmany and Shivazad (2006) reported that chicks fed Propolis containing diets consumed significantly higher feed. Bonomi et al. (1976) found an increase in feed intake when laying hens were fed Propolis versus control groups. Also, they concluded that increase in feed intake in the Propolis groups may be due to improved birds health and higher palatability of Propolis diets due to mixture of resin, wax, honey and vanillin content o f Propolis. Ghisalberti (1979) report additional weight gains for broiler chickens of up to 20% when 500 ppm of propolis was added to their diets. They said that this improved effect is partially due to its high content of flavonoids and increase feed intake of Propolis diets than the control. Experimental work of Buhatel et al. (1983) showed that Propolis supplementation to the ration of pullets improved feed conversion. This effect is due to high content of flavonoids and healthy conditions of birds fed Propolis. Concerning internal and eggshell quality, it could be noticed that there was no significant difference among treatment groups for both albumen and yolk percentage. However, the eggs produced from laying hens fed diet containing either 100 or 150 mg Propolis were significantly higher eggshell thickness compared t o other groups. Also, the supplemental Propolis at high level (100 or 150 mg) significantly increased eggshell breaking strength compared to remaining groups.
Multiple regression equation of feed consumption:
Observed feed consumption, egg mass, change in body body weight, R = rate of determination 2 weight and metabolic body weight for each hen within each treatment was used to estimate the regression coefficients are listed in Table 2 . The results revealed that the equation calculated for laying hens fed diet adding 100 or 150 mg Propolis had a better rate of determination (R ) compared to other fed 0 or 50 mg 2 Propolis. That is mean, the figures of RFC calculated from these equations are more reliable and have a highly applicable prospective. The present results revealed that the regression of body weight on feed intake may differ between treatment groups, but the accuracy of feed intake predictions is independent of the power used to express metabolic body weight. Pirchner (1985) reported that differences in Observed Feed Consumption (OFC) and Expected Feed Consumption (EFC) are caused by variability in several factors, such as composition of product (eggs), body weight change, food spillage, metabolic rate and in the ability t o synthesis egg and body constituents. Figure 1 illustrates the observed against expected feed consumption for each hen. While, Fig. 2 depicts the residual feed consumption value for each hen. It was generally noticed that the observed values were somewhat closely t o expected values for hens fed diet containing 100 or 150 mg Propolis compared to remaining treatments. This adjacency was reflected on RFC, where it was more consistent to zero line. The negative values of RFC are desirable rather than positive ones. The efficient hens which have negative RFC figures were more frequent than inefficient ones. The results of El-Sayed and ElHakim (1994) and Hussein et al. (2000) confirmed that the efficient birds were less actives, less heat production, spent more time resting and less time standing than inefficient bird. The last result explained by van Eerden et al. (2004) . They reported that selection for higher efficiency of food use in laying hens might result in birds that one less frustrated prior to laying at less stressfully. If reduction in feed intake is an indicator of stress, then the observation that feed intake of the R+ chickens decreased considerably after transportation, whereas feed intake of R-chickens remained almost unaffected.
Correlation coefficient between RFC, cell-mediated immunity and some productive traits: Calculation RFC by phenotypic multiple regression analysis is an (Luiting and Urff, 1991) . This suggestion was h post PHA-P injection. With respect to white blood cells reported because the author found the estimates o f differentiation, it could be noticed that significantly genetic correlation of RFC with the economic traits did negative relationship between RFC and heterophils not clearly differ from zero. Also, Tixier-Boichard et al.
percentage in all treatment groups. Inversely, the (1995) found that the genetic correlation between RFC relationship between RFC and lymphocytes percentage and the independent variables used in the prediction was significant and positive in all treatment groups. Van equation (metabolic body weight, change in body weight Eerden et al. (2004) concluded that a population of and egg mass) were generally low, which confirms the chickens from a commercial breed shows considerable validity of the selection on a phenotypic assessment of variation in RFI. Specific antibody production against RFC. Data presented in Table 3 showed that the KLH, M. butyricum and S. enteritidis lipopolysaccharide, correlation coefficients for some quantitative traits with however, is not influenced by efficiency in terms of RFI. Residual Feed Consumption (RFC) and cell mediated R+ animals may have a higher level of non-antigen immunity. The wattle swelling measured at all times specific antibodies, as indicated by the higher antibody were negatively correlated, with statistically significant at response to Salmonella protein. 48 h post PHA-P injection, with RFC in control-group.
Heterophils count was significantly negative correlated Similar, trend was observed in 50 mg supplemental with residual feed intake in all treatment groups. Propolis. The wattle swelling measured at 24, 48 and 72
Conversely, there was significantly positive relationship h post PHA-P injection were significantly positive between lymphocytes count and residual feed correlated with residual feed consumption i n consumption in laying hens fed diet containing 100 or 150 mg Propolis level. Similar trend, but not significant, was noticed in 0 or 50 mg Propolis level. There was significant negative relationship between plasma globulin and residual feed consumption in laying hens fed diet containing 150 mg Propolis. Similar trend, but not statistically significant, was noticed in remaining groups. Both observed feed consumption and feed conversion ratio was significantly positive correlated with RFC in all treatment groups. Positive relationship between egg number and RFC was observed in all groups. Tixier-Boichard et al. (1995) indicated that positive correlation between RFC and egg number. Significant positive relationship between yolk percentage and RFC was observed in all treatment groups. Similar result was obtained by Fathi and Galal (2007) . They reported that the yolk percentage was significantly positive correlated with RFC in both brown and white egg-type strains. El-Sayed and El-Hakim (1994) calculated significant and high positive association between RFC and the yolk percent in full-sib normal and dwarf hens. The author showed that the positive correlation probably reflects the increase in dry matter percentage and energy content in the egg when the proportion of yolk increases.
